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(57) ABSTRACT 

A display device has a light source that radiates light from a 
light-emitting portion. A light guidebody receives an incident 
light from the light-emitting portion of the light source and 
emits light. A display element is illuminated by light emitted 
from the light guide body and has a color filter having a 
coloring layer of RGB. A filter layer reflects components of 
light having a wavelength in a preselected region of 570 nm to 
590 nm among the light radiated from the light source and 
emitted from the light guide body. A phosphor is excited by 
the components of light in the preselected region reflected by 
the filter layer and emits red light that passes through the filter 
layer and through the color filter of the display element. 

20 Claims, 5 Drawing Sheets 

10 

18 al-H2 
9 

  



U.S. Patent Dec. 28, 2010 Sheet 1 of 5 US 7,859,175 B2 

FIG. 1 

FIG. 2 

FIG. 4 

  



U.S. Patent Dec. 28, 2010 Sheet 2 of 5 US 7,859,175 B2 

F.G. 5 

380 430 480 530 580 630 68O 730 780 

WAVELENGTH (nm) 

FIG. 6 
100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

380 430 480 530 580 630 680 130 780 

WAVELENGTH (nm) 

  



U.S. Patent Dec. 28, 2010 Sheet 3 of 5 US 7,859,175 B2 

FIG. 7 
250E-O 

2.OOE-01 

50E-01 

1.OOE-0 

S.OOE-02 

OOOE-00 
380 430 480 530 580 S30 580 30 80 

WAVELENGTH (nm) 

FIG. 8 

0.25 

0.2 

0.15 

380 430 480 530 580 630 580 730 8 

WAVELENGTH (nm) 

  



U.S. Patent Dec. 28, 2010 Sheet 4 of 5 US 7,859,175 B2 

FIG. 9 

38O 43O 48O 530 58O 53O 58O 3O 8O 

WAVELENGTH (nm) 

  



U.S. Patent Dec. 28, 2010 Sheet 5 of 5 US 7,859,175 B2 

FIG 11 

FIG. 12 

  



US 7,859,175 B2 
1. 

ILLUMINATING DEVICE, DISPLAY DEVICE 
AND OPTICAL FILM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an illuminating device for 

illuminating display elements used in a portable information 
apparatus, a cellular phone, and the like, a display device 
having the illuminating device, and an optical film used in the 
illuminating device. 

2. Description of the Related Art 
In recent years, a liquid crystal display device, which 

obtains a high definition color image with Small power con 
Sumption, is employed as a display device used in a cellular 
phone, a mobile computer, and the like. The liquid crystal 
display element requires an illuminating device because the 
liquid crystal display element is a non-selfluminescent dis 
play element that does not emit light. A Superluminescent 
white LED is often used as a light source in the illuminating 
device. 

In particular, in a cellular phone, a reflection-type liquid 
crystal display device that has a large and bright opening or a 
double-side visible type liquid crystal display device that is 
capable of displaying image information on both front and 
backsides thereof is used. In those display devices, a front 
light or a back light using a white LED as a light source has 
been used as an illuminating device. The white LED has a 
configuration in which a blue LED emitting blue light is 
covered with a resin in which a yellow phosphor is dispersed, 
and green light or yellow light emitted from the phosphor is 
mixed with original blue light to obtain white light by a 
complementary color relationship (see, for example, JP 
10-107325 A). The liquid crystal display device selects a 
necessary color from light, which is emitted from the white 
LED, using color filters of red (R), green (G), and blue (B) 
provided in a liquid crystal panel and a Switching function of 
the liquid crystal elements and displays the selected color. 

Then, the following configuration is known, in which a 
phosphor that is excited with light in a region not passing 
through a liquid crystal panel and emits light having a wave 
length passing through the liquid crystal panel is provided 
between the output plane of a light guide body and the display 
panel, whereby the use efficiency of light from alight source 
is enhanced (see, for example, JP 2006-338901 A). 

Further, as a light source for general illumination, a cold 
cathode tube, an incandescent electric lamp, and the like are 
known. For example, when a current flows through a cold 
cathode tube, electrons jump from a fluorescent tube filament, 
and bump into mercury in gaseous form sealed inside, 
whereby UV-rays are emitted. The inside of the fluorescent 
glass tube is coated with a phosphor, and the phosphor emits 
light when UV-rays strike the phosphor, and visible light is 
released outside of the fluorescent tube to be used for illumi 
nation. That is, spectrum of light to be output is determined 
depending upon the characteristics and compounding of 
phosphors applied to the inside of the glass tube. 
A wavelength distribution of the conventional white LED 

used in the illuminating device of the liquid crystal display 
device spreads broadly with peaks at 450 nm and 580 nm 
because light emitted by the white LED is white light of a 
mixed color obtained by mixing blue color light with yellow 
or green color light. On the other hand, peaks of wavelength 
selected by a color filter used in the liquid crystal display 
device or the like are 450 nm for blue, 530 nm for green, and 
600 nm for red. In other words, among light from a white light 
source, the light having a wavelength of 480 nm to 510 nm 
and a wavelength 570 nm to 590 nm are absorbed by the color 
filter. Therefore, the use efficiency of light is low, and bright 
ness is low. Further, according to the configuration described 
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2 
in JP 2006-338901 A, all light having the wavelengths to be 
absorbed by the liquid crystal panel does not necessarily 
strike the phosphor to be color-converted, with the result that 
the use efficiency cannot be enhanced to a desired degree. It is 
necessary to efficiently convert light having unnecessary 
wavelengths into light having a necessary wavelength. 
On the other hand, for example, in the case where there is 

an object to be illuminated, a red component of which is 
desired to be emphasized, such as an apple, a green-based 
component is not necessary in illumination in a store and the 
like. A conventional light Source for illumination does not 
have a function of eliminating only light having unnecessary 
wavelengths and emphasizing light having a necessary wave 
length more. Therefore, it is not easy to eliminate only a 
green-based component and emphasize a red color more. For 
example, it may not be impossible to eliminate only a green 
based component and emphasize a red color more, by using a 
color filter containing a pigment or the like cutting the periph 
ery of a green-based component in a very high concentration, 
or using a plurality of light Sources. However, there are prob 
lems of power consumption, heat generation, and a cost, and 
hence, the above method is unrealistic. 

SUMMARY OF THE INVENTION 

In order to solve the above common problem, an object of 
the present invention is to easily realize a configuration in 
which only light having an unnecessary wavelength is cut and 
light having a necessary wavelength may be obtained effi 
ciently. 

In view of the above problems, an illuminating device 
according to the present invention includes: a light source that 
radiates light from a light-emitting portion; a filter layer that 
selectively reflects light in a particular wavelength region 
among light from the light source; and a phosphor that is 
excited with the light in the particular wavelength region, 
which is reflected by the filter layer, to emit light, in which the 
light reflected by the filter layer is converted by the phosphor 
So as to pass through the filter layer. Thus, a light component 
in a particular wavelength region may be decreased from light 
of a light-emitting portion, and a light component having 
other wavelengths may be increased. More specifically, by 
appropriately selecting a filter layer and a phosphor, the color 
tone (light-emitting wavelength characteristics) of an illumi 
nating device may be controlled. 

Here, a wavelength control film, in which a phosphor layer 
containing a phosphor and a filter layer are formed on a base 
film, may be used. Alternatively, the phosphor layer and the 
filter layer may be formed separately. The phosphor layer 
may have a configuration in which a phosphor is dispersed in 
a transparent resin, or a configuration in which a phosphor is 
arranged therein. When the phosphor layer and the filter layer 
are provided separately, it is preferred that a light source be 
placed between the phosphor layer and the filter layer. 

Further, in the case where a light-emitting portion of a light 
Source emits first peak light having a peak in a first wave 
length and second peak light having a peak in a second wave 
length, light having a particular wavelength reflected by the 
filter layer becomes light in a wavelength region between the 
first peak light and the second peak light. With Such a con 
figuration, a light component having a wavelength of a valley 
of a peak wavelength of a light Source may be shifted by 
conversion with a phosphor. 

Further, in a display device having such an illuminating 
device and a display element provided on an output plane side 
of the illuminating device, light in a particular wavelength 
region to be absorbed by the display element is reflected by 
the filter layer, and the light reflected by the filter layer may be 
converted by the phosphor into light having a wavelength 
capable of passing through the display element. 
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Further, in a configuration in which the display element 
includes a color filter having a first colorant and a second 
colorant, the particular wavelength region reflected by the 
filter layer is set to be in a valley between the peak of a 
transmission wavelength region of the first colorant and the 
peak of the transmission wavelength region of the second 
colorant. 

Further, a second filter layer reflecting a light component 
having a second particular wavelength different from the 
particular wavelength region is provided between the light 
emitting portion of the light source and the display element, 
and a second phosphor that is excited with light having the 
second particular wavelength to emit light is provided 
between the second filter layer and the light-emitting portion. 
Further, the light-emitting portion of the illuminating device 
emits third peak light having a peak in a third wavelength, and 
a second particular wavelength region is provided between 
the second peak light and the third peak light. 

Alternatively, the display element includes a color filter 
having a first colorant, a second colorant, and a third colorant, 
and includes a second filter layer that reflects light in a second 
particular wavelength region different from a particular 
wavelength region and a second phosphor that is excited with 
light in the second particular wavelength region to emit light, 
in which the particular wavelength region is present in a 
valley between the peak of the transmission wavelength 
region of the first colorant and the peak of the transmission 
wavelength region of the second colorant, and the second 
particular wavelength region is present in a valley between 
the peak of the transmission wavelength region of the second 
colorant and the peak of the transmission wavelength region 
of the third colorant. Here, the color filter has a coloring layer 
of RGB. The particular wavelength region is 570 nm to 590 
nm and the second particular wavelength region is 480 nm to 
500 nm. A green phosphor converting a light component in 
the second particular wavelength region into greenlight and a 
red phosphor converting a light component in the particular 
wavelength region and a light component in the second par 
ticular wavelength region into red light are used. 

At this time, the light-emitting portion of the light source 
emits first peak light, second peak light, and third peak light 
having a peak in a third wavelength. The particular wave 
length region is present between the wavelength of the first 
peak light and the wavelength of the second peak light. The 
second particular wavelength region is present between the 
wavelength of the second peak light and the wavelength of the 
third peak light. 

Further, a filter layer that selectively reflects light in a 
particular wavelength region and a phosphor layer containing 
a phosphor that is excited with light in the particular wave 
length region to emit light are formed into films to constitute 
an optical film. Light radiated from the phosphor layer side is 
transmitted through the filter layer by allowing a phosphor 
layer to convert light reflected by the filter layer into light 
having a different wavelength. Thus, light having a necessary 
wavelength may be emphasized with only light having an 
unnecessary wavelength being cut. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a cross-sectional view schematically showing a 

configuration of a wavelength control film according to the 
present invention; 

FIG. 2 is a schematic view showing a configuration of a 
cross-section of a display device according to the present 
invention; 

FIG. 3 is a schematic view showing another configuration 
of a cross-section of the display device including a wave 
length control film according to the present invention; 
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4 
FIG. 4 is a schematic view showing an example of a con 

figuration of a cross-section of the wavelength control film 
shown in FIG. 3; 

FIG. 5 is a diagram showing a relationship between a 
wavelength and a transmittance of a first filter layer, 

FIG. 6 is a diagram showing a relationship between a 
wavelength and a transmittance of a second filter layer, 

FIG. 7 is a diagram showing a relationship between a 
wavelength and an intensity of a three-wavelength LED used 
in an embodiment; 

FIG. 8 is a diagram showing wavelength-intensity charac 
teristics of an illuminating device according to the present 
invention; 

FIG. 9 is a diagram showing a relationship between a 
wavelength and a transmittance of a color filter of a display 
element; 

FIG. 10 is a schematic view showing a configuration of a 
cross-section of the display device according to the present 
invention; 

FIG. 11 is a top view schematically showing a configura 
tion of the display device according to the present invention; 
and 

FIG. 12 is a cross-sectional view schematically showing a 
configuration of a wavelength selecting film according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An illuminating device of the present invention includes a 
light source radiating light from a light-emitting portion, a 
filter layer selectively reflecting light in a particular wave 
length region among light from the light Source, and a phos 
phor that is excited with light reflected by the filter layer to 
emit light. At this time, the emitted light of the phosphor 
contains a component passing through the filter layer. More 
specifically, the light reflected by the filter layer is converted 
into light having a different wavelength by the phosphor So as 
to pass through the filter layer. Thus, light in a particular 
wavelength region among light from the light source is 
reflected, and a light component in the particular wavelength 
region is converted into light having another wavelength to be 
emitted, whereby the light component in the particular wave 
length region may be decreased from the light from the light 
Source, and light components in other wavelength regions 
may be increased. Further, by using a phosphor emitting light 
in a wavelength region in a small amount contained in the 
light emitted from the light source, the color tone (light 
emitting wavelength characteristics) of the illuminating 
device may be controlled easily. Thus, the illuminating device 
of the present invention may be used widely for conversion of 
a wavelength of the light from the light source, and the 
decrease in power consumption of a color light source and the 
enhancement of color reproduction may be promoted. 

Further, in the case of using a light source emitting first 
peak light having a peakina first wavelength and second peak 
light having a peak in a second wavelength from a light 
emitting portion, a filter layer reflecting light in a wavelength 
region between the first peak light and the second peak light 
is placed in a path of light from the light source so that a 
phosphor converts light reflected by the reflection filter into 
light passing through the filter layer. This enables a light 
component in a wavelength of a valley of a peak wavelength 
of the light source to be converted by a phosphor to be output. 
At this time, the light componentina wavelength of the valley 
of the peak wavelength of the light Source decreases and a 
peak becomes remarkable, which enhances a color purity. 
Further, if the phosphor is allowed to emit light in the vicinity 
of the second wavelength, the color in the vicinity of the 
second wavelengthis compensated. Alternatively, if the phos 
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phor is allowed to emit light in the vicinity of a wavelength 
that is different from the first wavelength and the second 
wavelength, a color component that is not provided in the 
light source may be added. Thus, according to the present 
invention, the control of a color tone and the control of color 
reproduction may be performed easily, and an illuminating 
device with very high color reproduction may be realized. 

Further, in the case of illuminating a display element using 
Such an illuminating device, a filter layer is provided between 
the light source of the illuminating device and the display 
element, light in a particular wavelength region to be 
absorbed by the display element is reflected by the filter layer, 
and the light in the particular wavelength region reflected by 
the filter layer is converted into light having a wavelength 
capable of passing through the display device in a phosphor 
layer. Thus, light that does not reach an observer by being 
absorbed by the display element is converted into light that 
reaches the observer by the phosphor layer, and hence the use 
efficiency of light is enhanced. 

Further, in the case where the display element has a color 
filter, a wavelength component that cannot pass through the 
color filter among the wavelengths of light emitted by the 
illuminating device may be present. At this time, the wave 
length component is converted by the phosphor into a wave 
length component capable of passing through the color filter, 
whereby the amount of light passing through the color filter 
may be increased, and the brightness may be enhanced. Fur 
ther, the control of color reproduction may be performed 
easily, and a display device with very high color reproduction 
may be realized. 

Further, a second filter layer reflecting a light component in 
a second particular wavelength region different from the par 
ticular wavelength region may be provided between the light 
Source of the illuminating device and the display element. 

Then, if a second phosphor that is excited with light in the 
second particular wavelength region reflected by the second 
filter layer to emit light in a wavelength region passing 
through the first and second filter layers is provided between 
the second filter layer and the light source, the light in a 
plurality of particular wavelengths may be converted for use. 
At this time, the phosphor and the second phosphor may emit 
light in different wavelength regions, or the second phosphor 
may emit light in the same wavelength region as that of the 
phosphor. The filter layer and the phosphor used in the illu 
minating device and the display device may beformed on one 
base film. More specifically, an optical film is configured, 
which includes a filter layer selectively reflecting light in the 
particular wavelength region and a phosphor layer containing 
a phosphor that is excited with light of a component contained 
in the particular wavelength region to emit light passing 
through the filter layer. Then, the optical film is configured so 
that the phosphor layer faces the light source side and illumi 
nating light is emitted from the filter layer. Thus, the phosphor 
layer converts the light reflected by the filter layer into light 
having a different wavelength and the converted light can pass 
through the filter layer. Hereinafter, the display device having 
the illuminating device according to the present invention, 
and the wavelength control film applicable to the illuminating 
device of the present invention are described specifically with 
reference to the drawings. 

Embodiment 1 

FIG. 10 shows a configuration of a cross-section of a dis 
play device of this embodiment, and FIG. 11 schematically 
shows a configuration viewed from above. In this embodi 
ment, as a light source 3, an LED package of a three-wave 
length light-emitting type is used, which has a configuration 
in which a resin mixed with a green phosphor and a red 
phosphor is potted to a blue LED. Light from the light source 
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6 
3 is brought to be incident upon a light guide body 4 from an 
incident plane thereof. The incident plane is formed so as to 
face the light source 3. The light guide body 4 has a configu 
ration of guiding light incident from the incident plane and 
outputting the light from an output plane. For example, the 
light guide body 4 may be produced by injection-molding a 
transparent resin agent such as polycarbonate, acryl, 
ZEONOA, or ARTON. Further, the incident plane may be 
Subjected to fine prism treatment so that light is scattered 
inside the light guide body 4 efficiently. Further, in order to 
enhance an emission efficiency, the output plane of the light 
guide body 4 may be subjected to diffusion treatment or may 
be provided with a prism. The surface of the light guide body 
4 on an opposite side of the reverse Surface (i.e., the output 
plane) of the light guide body 4 is provided with a prism based 
on optical design so that light is output with good distribution. 
Further, a reflective plate 5 is placed on the reverse surface 
side of the light guide body 4. Light leaking outside from the 
reverse surface of the light guide body 4 is reflected by the 
reflective plate 5 and is brought to be incident upon the inside 
of the light guide body 4 again, whereby the use efficiency of 
light is enhanced. Here, as the reflective plate 5, a plate on 
which silver or aluminum is vapor-deposited, white PET, or 
the like may be used. Generally, a silver reflective plate is 
used for a small product and white PET is used for a large 
product in most cases. Light output from the light guide body 
4 has its directivity controlled by an optical film 22 such as a 
diffusion sheet or a prism sheet, and radiated to a display 
element 2. 

Further, as shown in FIGS. 10 and 11, in this embodiment, 
a wavelength selecting film 21 is placed between the light 
source 3 and the light guide body 4. FIG. 12 shows a cross 
sectional view of the wavelength selecting film 21. As shown 
in FIG. 12, a first filter layer 9 reflecting light having a par 
ticular wavelength and a second filter layer 10 are provided on 
a base film 18. Here, as the base film 18, a transparent resin 
such as PET, PES, or acryl, or a transparent glass plate may be 
used. As the first and second filter layers 9 and 10, a multi 
layered film in which tens of thin films having different 
refractive indexes of SiO, TiO, or the like are laminated 
alternately may be used. Alternatively, a nanoparticle layer 
having a configuration in which nanoparticles of about 200 to 
300 nm are printed onto the base film may be used. In this 
embodiment, the first filter layer 9 reflects only light having a 
wavelength of 570 nm to 590 nm. FIG. 6 shows a spectral 
transmittance of the first filter layer 9. On the other hand, the 
second filter layer 10 reflects only light having a wavelength 
of 480 nm to 500 nm. FIG.5 shows a spectral transmittance of 
the second filter layer 10. 

Further, a phosphor layer 7 is placed on an opposite side of 
the output plane of the light source 3. More specifically, the 
light source 3 is placed between the wavelength selecting film 
21 and the phosphor layer 7. The phosphor layer 7 has a 
configuration in which a phosphor 8 is dispersed in a trans 
parent resin Such as silicon, acryl, or epoxy. Alternatively, a 
phosphor layer in which aphosphoris applied to a transparent 
base film may be used. In this embodiment, as the phosphor 8. 
a phosphor that is excited with blue to green light of 400 nm 
to 590 nm and emits red light is used. As the red phosphor, 
SrS, CaS, or CaAlSiN with Eu added thereto as a rare-earth 
element, or silicate of 3, 1.5 composition system may be illus 
trated. 
As described above, the first filter layer 9 selectively 

reflects light having a wavelength of 570 nm to 590 nm, and 
the second filter layer 10 selectively reflects light having a 
wavelength of 480 nm to 500 nm. Thus, according to the 
configuration of this embodiment, the wavelength selecting 
film 21 reflects light having a wavelength of 480 nm to 500 
nm and a wavelength of 570 nm to 590 nm among light from 
the light source 3. Among the reflected light, light striking the 
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phosphor 8 in the phosphor layer 7 is converted into red light, 
and passes through the wavelength selecting film 21 (i.e., the 
first filter layer 9 and the second filter layer 10). Light that 
does not strike the phosphor 8 is reflected by the wavelength 
selecting film 21 again, and is not brought to be incident upon 
the light guide body 4. Thus, the reflection and color conver 
sion are repeated, whereby most components having a wave 
length of 480 nm to 500 nm and a wavelength of 570 nm to 
590 nm are converted into red light finally. Thus, in the light 
output from the light guide body, components having a wave 
length of 480 nm to 500 nm and 570 nm to 590 nm are hardly 
present, and a red component is emphasized. 

If the wavelength selecting film 21 is placed between the 
light source 3 and the light guide body 4 as in the above 
configuration, the use area of the wavelength selecting film 21 
may be minimized. In the case of using a multi-layered film in 
which tens of layers are laminated for the wavelength select 
ing film 21, it may be expected that a cost is decreased by 
Suppressing the use amount. In the case of using a point light 
source as in this embodiment, the effect may be obtained if the 
wavelength selecting film (Substantially, a filter layer) is pro 
vided in a portion upon which light is brought to be incident 
from the point light source. However, it is preferred to provide 
the wavelength selecting film (substantially, a filter layer) 
over the entire surface of the incident plane of the light guide 
body so as to maximize the use efficiency of light. 

These components are covered with a frame 24 So as to 
prevent light leakage and to enhance strength. As the frame 
24, a molding of white polycarbonate or the like, or a metal 
frame Such as an aluminum plate may be used. More specifi 
cally, it is necessary to provide the inside surface of the frame 
24, in particular, the Surface close to the phosphor layer with 
a reflection function. 

Next, FIG. 9 shows characteristics of a color filter of the 
display element 2 used in this embodiment. The display ele 
ment 2 includes a color filter of three colors: blue, green, and 
red. FIG.9 illustrates blue color filtercharacteristics 12, green 
color filter characteristics 13, and red color filter characteris 
tics 14. As is apparent from the figure, light having a wave 
length of 480 nm to 500 nm and a wavelength of 570 nm to 
590 nm is included in absorption regions (cut regions) 15, 16 
by the color filter, and hence most of the light having such 
wavelengths is cut even if it reaches the display element. That 
is, it is understood that, by using the wavelength selecting film 
and the phosphor layer as in this embodiment, light originally 
having a wavelength in the cut region may be converted into 
light having an effective wavelength. 

In this embodiment, although two filter layers 9 and 10 are 
provided. Some effects can also be obtained even by using 
either one filter layer. Further, using a phosphor that is excited 
with light reflected by at least one filter layer and emits, for 
example, green light enables a green component as well as a 
red component to be added. 

Further, in this embodiment, since the display element 
having the color filter of three colors is combined with the 
illuminating device, the wavelength selecting film 21 that 
reflects light in two wavelength regions corresponding to 
regions among three peaks is used. However, if a wavelength 
region of light reflected by the wavelength selecting film is 
selected appropriately in accordance with the color filterchar 
acteristics of the display element and the wavelength region 
oflight emitted by the light source, the features of the present 
invention may be applied to a display device having any 
configuration. 
The phosphor layer 7 may be formed on the wavelength 

selecting film 21. In this case, because the transmittance of the 
film may decrease and the use efficiency of light may 
decrease, it is preferred that the phosphor layer be present 
separately from the wavelength selecting film as in this 
embodiment. 
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8 
Further, in the wavelength selecting film 21 of this embodi 

ment, the first filter layer 9 and the second filter layer 10 are 
formed on both surfaces of the base film 18. The warpage of 
the wavelength selecting film may be prevented by laminating 
the first and second filter layers 9 and 10 on both surfaces of 
the base film 18. In the case where two filter layers are 
laminated on one surface of the base film, the film is likely to 
be warped, which makes it difficult to handle the film. Even if 
the base film tends to be curved, the curvature may be pre 
vented by forming the filter layers on both surfaces of the base 
film. In this embodiment, although the first filter layer 9 
cutting light having a wavelength of 570 nm to 590 nm is 
placed on one Surface, and the second filter layer 10 cutting 
light having a wavelength of 480 nm to 500 nm is placed on 
the other Surface, for example, filter layers cutting light hav 
ing the same wavelengths may be placed on both surfaces. 

Further, for example, if a pseudo white LED in which a 
yellow phosphor is potted to a blue LED is used as a light 
Source, a red component that is not originally present may be 
added. 

Further, even if a violet LED in which a red phosphor is 
potted to a blue LED is used as a light source, and a green 
phosphor is used for the phosphor layer 7, an illuminating 
device having very high luminance and a peak of RGB with a 
small half-width may be provided. 

Although the case of using a point light source Such as a 
three-wavelength LED as a light source has been described, a 
cold-cathode fluorescent lamp (CCFL; florescent tube) can 
also be used. 

Embodiment 2 

In this embodiment, a display device using a wavelength 
control film in which a filter layer and a phosphor layer are 
formed on a base film is described. FIG. 2 is a cross-sectional 
view schematically showing a configuration of a display 
device of this embodiment. The same description and appli 
cation examples as those in Embodiment 1 are omitted if 
necessary. The light guide body 4 has a configuration of 
guiding light incident from an incident plane and outputting 
the light from an output plane. Light from the light source 3 is 
brought to be incident upon the light guide body from the 
incident plane of the light guide body 4. As the light source 3. 
an LED package of a three-wavelength light-emitting type is 
used, which has a configuration in which a resin mixed with 
agreen phosphor and a red phosphor is potted to a blue LED. 
Further, the reflective plate 5 is placed on the reverse surface 
side of the light guide body 4. Light leaking outside from the 
reverse surface of the light guide body 4 is reflected by the 
reflective plate 5 and is brought to be incident upon the inside 
of the light guide body again. Light output from the output 
plate of the light guide body 4 passes through the display 
element 2 after passing through a second wavelength control 
film 11 and a first wavelength control film 1, and a display is 
observed. A prism sheet or a diffusion sheet may be placed 
between the display element 2 and the first wavelength con 
trol film 1. 

FIG. 1 schematically shows the wavelength control film 
used in this embodiment. The wavelength control film has a 
configuration in which the phosphor layer 7 containing the 
phosphor 8 and the filter layer 6 reflecting light in a particular 
wavelength region are respectively provided on the Surfaces 
of the base film 18. More specifically, in the second wave 
length control film 11, the phosphor dispersed in the phosphor 
layer is agreen phosphor that is excited with blue light having 
a wavelength of 380 nm to 500 nm to emit green light. 
Embodiments of Such a green phosphor include: a phosphor 
material made of II-group metal thiogallate and a rare-earth 
dopant; an oxide phosphor and a rare-earth dopant: Sr-SION 
and a rare-earth dopant; and a silicate phosphor of a 2.1.4 
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composition. Further, a second filter layer reflecting only 
lightina certain wavelength region is provided on an observer 
side of the green phosphor layer. FIG. 5 shows transmittance 
characteristics of the second filter layer. As shown in FIG. 5, 
the second filter layer in this embodiment is configured so as 
to mainly reflect light having a wavelength in a range of 480 
nm to 500 nm. 

According to Such a configuration, among light incident 
upon the green phosphor layer of the second wavelength 
control film 11 through the light guide body from the light 
Source 3 of a three-wavelength light-emitting type, blue light 
striking the green phosphor is converted into green light hav 
ing a peak in the vicinity of 530 nm. Among light incident 
upon the second filter layer of the second wavelength control 
film 11 through the green phosphor layer, light having a 
wavelength of 480 nm to 500 nm is reflected, and the remain 
ing light passes therethrough as it is. The reflected light hav 
ing a wavelength of 480 nm to 500 nm is reflected by the 
reflective plate 5 and the light guide body 4 and is brought to 
be incident upon the second wavelength control film 11 again. 
Among the incident light having a wavelength of 480 nm to 
500 nm, light striking the green phosphor is converted into 
green light and passes through the second filter layer, and the 
light that does not strike the green phosphoris reflected by the 
second filter layer again. Thus, the reflection and wavelength 
conversion are repeated a number of times, whereby most of 
the light having a wavelength of 480 nm to 500 nm is con 
Verted into green light having a peak in a wavelength of 530 
nm finally. Here, light having a wavelength of 480 nm to 500 
nm is unnecessary, and green light (about 530 nm) is empha 
sized using the unnecessary light. 

Next, the light having passed through the second wave 
length control film 11 is brought to be incident upon the first 
wavelength control film 1. The first wavelength control film 1 
may also have basically the same cross-sectional configura 
tion as that of the wavelength control film shown in FIG.1. In 
the first wavelength control film 1 of this embodiment, the 
phosphor dispersed in the phosphor layer is a red phosphor 
that is excited with blue to green light having a wavelength of 
400 nm to 590 nm to emit red light. As the red phosphor, SrS. 
CaS, or CaAlSiN with Eu added thereto as a rare-earth ele 
ment, or silicate of 3.1.5 composition system may be illus 
trated. Alternatively, a transparent base film coated with a red 
phosphor may be used. FIG. 6 shows transmittance charac 
teristics of the first filter layer placed on an observer side of 
the red phosphor layer. As shown in FIG. 6, the first filter layer 
of this embodiment is configured so as to reflect light having 
a wavelength of 570 nm to 590 nm. Thus, among light having 
a wavelength region of 570 nm to 590 nm reflected by the first 
filter layer, light striking the red phosphor is converted into 
red light and passes through the first filter layer. Light that 
does not strike the red phosphor is reflected by the first filter 
layer again. More specifically, in the same way as in the case 
of the second wavelength control film 11, due to the repetition 
of the reflection and color conversion, components having a 
wavelength of 570 nm to 590 nm are hardly present in light 
output from the first wavelength control film 1 finally. Here, 
light having a wavelength of 570 nm to 590 nm is unneces 
sary, and necessary red light may be emphasized using the 
unnecessary light. 

Further, the output efficiency of light is increased in most 
cases by providing a diffusion layer on the filter layer. 

FIG.7 shows spectral characteristics of the light source 3 of 
a three-wavelength light-emitting type having a configuration 
in which a resin mixed with a green phosphor and a red 
phosphor is potted to a blue LED. Light having Such spectral 
characteristics passes through the second wavelength control 
film 11 and the first wavelength control film 1, thereby being 
converted into light having spectral characteristics as shown 
in FIG.8. More specifically, most of the light having a wave 
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10 
length of 480 nm to 500 nm and a wavelength of 570 nm to 
590 nm is eliminated by two kinds of filter layers. It is under 
stood that a green component having a wavelength of 530 nm 
and a red component having a wavelength of 630 nm are 
increased instead by two kinds of phosphor layers. 

Generally, the arrangement of the first wavelength control 
film 1 and the second wavelength control film 11 may be 
replaced. It should be noted that the red phosphor contained in 
the first wavelength control film 1 illustrated as a specific 
example is excited with light having a wavelength of 400 nm 
to 590 nm to emit red light. More specifically, since light 
having a wavelength of 570 nm to 590 nm reflected by the 
second filter layer of the second wavelength control film 11 is 
also converted into red light, if the arrangement is replaced, 
light having a wavelength of 570 nm to 590 nm that passes 
through the first wavelength control film 1 and is brought to be 
incident upon the second wavelength control film 11 
decreases, and a green component may not be increased Suf 
ficiently as a result. Thus, in the case where it is desired to 
increase a green component Sufficiently, the arrangement 
shown in FIG. 2 is more preferred. 

Next, FIG. 9 shows characteristics of a color filter of the 
display element 2 used in this embodiment. The display ele 
ment 2 includes a color filter of three colors: blue, green, and 
red. FIG. 9 shows blue color filter characteristics 12, green 
color filter characteristics 13, and red color filter characteris 
tics 14. As is apparent from the figure, light having a wave 
length of 480 nm to 500 nm and a wavelength of 570 nm to 
590 nm is contained in absorption regions (cut regions) 15 
and 16 by the color filter and is mostly cut even if it reaches the 
display element. That is, it is understood that, by using the 
first and second wavelength control films as in this embodi 
ment, light originally having a wavelength in the cut region 
may be converted into light having an effective wavelength. 

Further, as one arrangement of the configuration shown in 
FIG. 2, the following display device is also conceivable. More 
specifically, as shown in FIG. 2, in the display device, a first 
wavelength control film 1 having a filter layer that selectively 
reflects light in a particular wavelength region and a phosphor 
layer that is excited with light reflected by the filter layer to 
emit light, and a second wavelength control film 11 having a 
second filter layer that reflects a light component in a second 
particular wavelength region different from the particular 
wavelength region and a second phosphor layer that is excited 
with light reflected by the second filter layer to emit light are 
provided between the light source radiating light from a light 
emitting portion and the display element 2, and the light 
emitted by the second phosphor layer passes through at least 
one of the filter layer and the second filter layer. For example, 
as shown in FIG. 2, in the case where the second filter layer is 
placed between the first filter layer and the light-emitting 
portion, the second phosphor layer may emit light in a wave 
length region reflected by the filter layer of the first wave 
length control film 1. At this time, although the light emitted 
by the second phosphor layer does not pass through the filter 
layer of the first wavelength control film as it is, the light is 
converted by the phosphor layer of the first wavelength con 
trol film, and hence the light can contribute to the light emis 
sion of the phosphor layer of the first wavelength control film. 
Needless to say, it is preferred that the second phosphor layer 
emit light passing through the second filter layer and the filter 
layer of the first wavelength control film 1 in terms of a light 
efficiency. Further, the phosphor layer and the second phos 
phor layer may emit light in colors in different wavelength 
regions, or may emit light in a color in the same wavelength 
region. Even in the case where the phosphor layer and the 
second phosphor layer emit light in a color in the same wave 
length region, the phosphor layer and the second phosphor 
layer may use the same phosphor or different phosphors. 
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As described above, the configuration using two kinds of 
wavelength control films has been described using FIG. 2. 
Hereinafter, the configuration using one wavelength control 
film is described with reference to FIGS. 3 and 4. FIG. 3 is a 
cross-sectional view schematically showing a configuration 
using one wavelength control film, which is different from the 
configuration of FIG. 2 in the number of wavelength control 
films and the detail thereof. Here, the description of portions 
overlapping those of the configuration shown in FIG. 2 is 
omitted appropriately. FIG. 4 schematically shows a cross 
sectional configuration of the wavelength control film used 
therein. The phosphor layer 7 in which the phosphor 8 is 
dispersed in a transparent resin or the like is provided on the 
base film 18. In the phosphor layer 7, a red phosphor convert 
ing light reflected by the filter layer into red light is dispersed. 
The second filter layer 10 and the first filter layer 9 are lami 
nated on an observerside of the phosphor layer 7. The second 
filter layer 10 reflects light having a wavelength of 480 nm to 
500 nm, and the first filter layer 9 reflects light having a 
wavelength of 570 nm to 590 nm. The wavelength control 
film with Such a configuration not only cuts light having an 
unnecessary wavelength (light having a wavelength of 480 
nm to 500 nm and a wavelength of 570 nm to 590 nm), but 
also increases light of a red component. Needless to say, the 
use of phosphors in other colors in the phosphor layer 7 can 
increase components in other colors. Further, if the red phos 
phor and the green phosphor are used, the effect that is Sub 
stantially the same as that in the configuration shown in FIG. 
2 may be obtained. 

Embodiment 3 

In this embodiment, the detail of the wavelength control 
film used in Embodiment 2 is described. FIG. 1 schematically 
shows a cross-sectional configuration of the wavelength con 
trol film of this embodiment. As shown in FIG. 1, the phos 
phor layer 7 containing the phosphor 8, and the filter layer 6 
reflecting light having a particular wavelength are provided 
on the base film 18. The phosphor layer 7 has a configuration 
in which the phosphor 8 is dispersed in a transparent resin or 
the like. The phosphor 8 emits light having a wavelength 
different from an excitation wavelength, with the wavelength 
of light reflected by the filter layer 6 being the excitation 
wavelength. By using the wavelength control film with Such a 
configuration, a light component having a particular wave 
length (light reflected by the filter layer) may be decreased, 
and a light component having another particular wavelength 
(light emitted by the phosphor) may be increased. At this 
time, at least apart of a wavelength region of light reflected by 
the filter layer needs to be the excitation wavelength of the 
phosphor, because a light component desired to be decreased 
is to be converted into a light component desired to be 
increased. Further, by providing a diffusion layer on the filter 
layer 6, the output efficiency of light increases in most cases. 
The configuration of emphasizing a red component using 

such a wavelength control film is illustrated. The phosphor 
layer 7 of the wavelength control film and a light source such 
as a fluorescent tube are placed so that they face each other, 
and a reflection mechanism is placed so that the light Source 
is interposed between the phosphor layer 7 of the wavelength 
control film and the reflection mechanism. The reflection 
mechanism may be a reflective sheet with silver or aluminum 
vapor-deposited thereon, or a metal plate Such as a high 
reflective aluminum plate. The filter layer 6 is provided with 
characteristics of reflecting only light having a wavelength of 
510 nm to 540 nm, and the phosphor layer 7 is provided with 
characteristics of emitting a red component having a wave 
length of about 600 nm. For example, as the phosphor layer 7, 
a silicate-based red phosphor material of a 3.1.5 composition 
system is applied. The phosphor material is excited with light 
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12 
having a wavelength of 510 nm to 540 nm efficiently, and 
emits red light having a wavelength of about 600 nm. The 
function of Such a configuration is described. Among light 
that is brought to be incident upon the phosphor layer 7 from 
the light Source, light having an excitation wavelength (510 
nm to 540 nm), which strikes a phosphor, is converted into red 
light and passes through the filter layer. Then, the light having 
an excitation wavelength, which does not strike the phosphor, 
is reflected by the filter layer 6 and is brought to be incident 
upon the phosphor layer 7 again. At this time, light having an 
excitation wavelength, which strikes the phosphor, is con 
verted into ared component having a wavelength of about 600 
nm, and hence, passes through the filter layer 6. On the other 
hand, the light having an excitation wavelength, which does 
not strike the phosphor at this time, enters the phosphor layer 
7 and the filter layer 6 due to the reflection mechanism again. 
Thus, due to the repetition of the reflection and color conver 
Sion, most of the light having an excitation wavelength is 
converted into red light and passes through the filter layer 6 
finally. More specifically, only light having an unnecessary 
wavelength (510 nm to 540 nm) is cut, and light having a 
necessary wavelength (about 600 nm) may be emphasized. 

For example, in the case where a light source is only a 
fluorescent tube, a red component is inconspicuous due to a 
green component having a wavelength of 510 nm to 540 nm. 
However, the use of the wavelength control film as in this 
embodiment can make the red component conspicuous by 
eliminating the green component. Further, this is not merely 
color absorption by a filter, and hence an illuminating device 
having a very high use efficiency of light may be provided. 

Here, as the base film 18, a transparent resin such as PET, 
PES, or acryl, or a transparent glass plate may be used. As the 
filter layer 6, a multi-layered film in which tens of thin films 
having different refractive indexes of SiO, TiO, or the like 
are laminated alternately, or a nanoparticle layer of about 200 
to 300 m may be used. 
As described above, according to the present invention, 

only light having an unnecessary wavelength may be cut and 
light having a necessary wavelength may be emphasized eas 
ily at low power consumption and a low cost. More specifi 
cally, by using a phosphor that converts light in a wavelength 
region that has not been used conventionally (for example, 
light absorbed by a color filter) into light in an available 
wavelength region (for example, light passing through a color 
filter), an illuminating device capable of controlling a color 
tone easily and a bright display device may be realized. 
What is claimed is: 
1. A display device comprising: 
a light source that radiates light from a light-emitting por 

tion; 
a light guide body that receives an incident light from the 

light-emitting portion of the light source and that emits 
light; 

a display element that is illuminated by light emitted from 
the light guide body, the display element having a color 
filter having a coloring layer of RGB; 

a filter layer that reflects components of light having a 
wavelength in a preselected region of 570 nm to 590 nm 
from among components of the light radiated from the 
light source and emitted from the light guide body; and 

a phosphor that is excited by the components of light in the 
preselected region reflected by the filter layer and that 
emits red light that passes through the filter layer and 
through the color filter of the display element. 

2. A display device according to claim 1; further compris 
ing a phosphor layer containing the phosphor and a base film 
on which the phosphor layer and the filter layer are formed. 

3. A display device according to claim 1; wherein the light 
source is disposed between the phosphor and the filter layer. 



US 7,859,175 B2 
13 

4. A display device according to claim 1; wherein the light 
guide body has an incident Surface that receives the incident 
light from the light-emitting portion of the light source and an 
emission Surface that emits the light from the light guide 
body; and wherein the filter layer is disposed between the 
light source and the incident Surface of the light guide body. 

5. A display device according to claim 4; wherein the light 
Source comprises a point light source; and wherein the filter 
layer is disposed over an entire Surface of the incident Surface 
of the light guide body. 

6. A display device according to claim 1; wherein the filter 
layer is formed on opposite Surfaces of a base film. 

7. A display device according to claim 1; wherein the filter 
layer is disposed between the light guide body and the display 
element. 

8. A display device according to claim 1; wherein the filter 
layer comprises a first filter layer; and 

further comprising a second filter layer that reflects com 
ponents of light having a wavelength in a preselected 
region of 480 nm to 500 nm from among components of 
the light radiated from the light source and emitted from 
the light guide body. 

9. A display device according to claim 8: wherein the first 
filter layer is disposed between the light-emitting portion of 
the light Source and the display element, and the second filter 
layer is disposed between the light-emitting portion of the 
light source and the first filter layer; and wherein the phosphor 
is excited by the components of light in both the preselected 
region of 570 nm to 590 nm reflected by the first filter layer 
and the preselected region of 480 nm to 500 nm reflected by 
the second filter layer to emit light that passes through the first 
and second filter layers. 

10. A display device according to claim 8: wherein the 
phosphor comprises a first phosphor; and further comprising 
a second phosphor that is excited with the components of light 
reflected by the second filter layer to emit green light that 
passes through at least one of the first and second filter layers, 
the second phosphor being disposed between the second filter 
layer and the light-emitting portion of the light source. 

11. A display device according to claim 8: wherein at least 
one of the first filter layer and the second filter layer comprises 
a base film and a plurality of nanoparticles of about 200 nm to 
300 nm laminated on the base film. 

12. A display device comprising: 
a light source; 
a light guide that receives light from the light Source and 

that emits the light from an emission Surface, the light 
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including light components having a wavelength in at 
least one region of 480 nm to 500 nm and 570 nm to 590 
nm, 

a display element provided on an emission Surface side of 
the light guide, the display element having a red filter, a 
green filter and a blue filter; 

a filter layer that reflects components of light having a 
wavelength in the at least one region of 480 nm to 510 
nm and 570 nm to 590 nmi; and 

a phosphor that is excited by the components of light hav 
ing a wavelength in the at least one region of 480 nm to 
510 nm and 570 nm to 590 nm and reflected by the filter 
layer and that emits light of a wavelength that passes 
through the filter layer and through at least one of the red 
filter, the green filter and the blue filter of the display 
element. 

13. A display device according to claim 12; further com 
prising a phosphor layer containing the phosphor and a base 
film on which the phosphor layer and the filter layer are 
formed. 

14. A display device according to claim 12; wherein the 
light source is disposed between the phosphor and the filter 
layer. 

15. A display device according to claim 12; wherein the 
light guide body has an incident Surface that receives the light 
from the light source; and wherein the filter layer is disposed 
between the light source and the incident surface of the light 
guide body. 

16. A display device according to claim 15; wherein the 
light Source comprises a point light source; and wherein the 
filter layer is disposed over an entire surface of the incident 
surface of the light guide body. 

17. A display device according to claim 12; wherein the 
filter layer is formed on opposite surfaces of a base film. 

18. A display device according to claim 12; wherein the 
filter layer is disposed between the light guide body and the 
display element. 

19. A display device according to claim 12; wherein the 
filter layer comprises a first filter layer that reflects compo 
nents of light having a wavelength in the at least one region of 
480 nm to 510 nm and a second filter layer that reflects 
components of light having a wavelength in the at least one 
region of 570 nm to 590 nm. 

20. A display device according to claim 19; wherein the 
first filter layer is disposed between the light source and the 
display element, and the second filter layer is disposed 
between the light source and the first filter layer. 
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